Background Utilisation of operating rooms is high on the agenda of hospital managers and researchers. Many efforts in the area of maximising the utilisation have been focussed on finding the holy grail of 100% utilisation. The utilisation that can be realised, however, depends on the patient mix and the willingness to accept the risk of working in overtime. Materials and methods This is a mathematical modelling study that investigates the association between the utilisation and the patient mix that is served and the risk of working in overtime. Prospectively, consecutively, and routinely collected data of an operating room department in a Dutch university hospital are used. Basic statistical principles are used to establish the relation between realistic utilisation rates, patient mixes, and accepted risk of overtime. Results Accepting a low risk of overtime combined with a complex patient mix results a low utilisation rate. If the accepted risk of overtime is higher and the patient mix is less complex, the utilisation rate that can be reached is closer to 100%. Conclusion Because of the inherent variability of healthcare processes, the holy grail of 100% utilisation is unlikely to be found. The method proposed in this paper calculates a realistic benchmark utilisation that incorporates the patient mix characteristics and the willingness to accept risk of overtime.
Introduction
The utilisation rate is commonly used as an indicator to measure the efficiency of the use of hospital resources such as the operating rooms (OR). Researchers often argue that high utilisation is cost-effectiveness and goes hand in hand with high quality of health care [1] [2] [3] [4] [5] [6] . In these studies utilisation is typically considered as an absolute measure that can be used to resolve the perceived efficiency problem in health care [7] [8] [9] [10] [11] . In accordance with this trend, governmental institutions, such as the audit commission of the National Health-care Service, offer programmes to improve utilisation of operating room departments [12, 13] . Practice learns, however, that utilisation rates of 100% are rarely achieved.
While trying to maximise the utilisation of the OR, managers are confronted with the complexity of the case mix and high costs for overtime of the OR staff. Typically, in hospitals with a complex case mix with a high variability in the duration of surgical cases, utilisation rates are significantly lower than 100%. For example, 100% utilisation for a cancer medical centre is utopian, since a considerable number of the surgical cases cannot be completed within the planned duration because of the unpredictability of the disease. Typically in a cancer centre the duration of surgical cases is unpredictable and they can last much longer than expected. This causes frequent overtime in operating rooms of a cancer centre.
The aim of this study was to address the association between operating room utilisation, the case mix, and the accepted risk of overtime, using straightforward statistical analyses. For this purpose, we propose a method to establish this association by calculating a norm utilisation for the OR. We compared the sensitivity of the method with respect to the two main input parameters, namely the case mix and the accepted risk of overtime. The study uses prospectively collected data of the Erasmus Medical Centre (Erasmus MC) in Rotterdam, The Netherlands.
Materials and methods
The records of 180,000 surgical cases performed at Erasmus MC's main location from January 1, 1994 through December 31, 2005, were used. The following surgical departments have been investigated: General Surgery, Gynaecology, Oral Surgery, Ear-Nose-Throat Surgery, Neurosurgery, Ophthalmology, Orthopaedic Surgery, Plastic Surgery, and Urologic Surgery. All data were entered electronically by the nursing staff in the Hospital Information System and validated by the responsible surgeon and anaesthetist. Based on this extensive database we computed several case mix characteristics such as the standard deviation of the duration of elective and emergency cases and the number of elective and emergency cases per specialty. For this study, we assumed that the number of cases performed, the average duration, and the standard deviation for both elective and emergency cases describe Figure 1 depicts all measurement moments that were used in this study. We assumed that cases were scheduled using the block planning approach [14] . In this case scheduling approach, a surgical department schedules its elective surgical cases in the blocks of operating time that are available for that surgical department. Scheduling surgical cases is done using average case durations. To reduce the risk of overtime induced by emergency cases and the variability of the duration of elective and emergency cases the surgical department has to plan reserve capacity in the OR block [15, 16] . The amount of reserve capacity is calculated on basis of the variability of the duration of elective and emergency surgical cases.
Reserve capacity to operate upon emergency surgical cases is assigned to all elective operating rooms. Hence, no emergency operating room exists. Upon arrival the decision is made in which operating room the emergency case will take place, the emergency patient has to wait until the preceding cases in this operating room is ended. The total amount of reserved capacity for emergency cases is based on the average duration and the expected number of emergency surgical cases. Hence, the reserved OR capacity is used to deal with the variability of elective cases, emergency cases, and to deal with the variability of emergency cases. Figure 2 shows this schematically.
There are various ways to compute the utilisation rate. In this study the utilisation of OR capacity is defined as the time an operating room is occupied to perform elective and emergency surgical cases, expressed as a percentage of the length of time an operating room is available and staffed during a certain period (see Fig. 1 ) [14, 17] .
The method requires some mathematical notation (see Table 1 ). Let s denotes a surgical department. The average number of elective surgical cases executed in an OR block by surgical department s is n s . μ s is the average duration and σ s the standard deviation of a surgical case of department s. Emergency surgery for surgical department s is characterised by the average duration of the emergency surgical case m e s
À Á
, the standard deviation of the duration s e s
, and the average number of emergency cases per OR block n e s
. The accepted risk of overtime for surgical department s is denoted by r s .
The following steps were taken to calculate the amount of OR time that is required for operating all elective and emergency cases given the variability and a predetermined accepted risk of overtime. The total expected duration of all elective cases in one OR block is n s ·μ s . The standard deviation of the total duration of these n s cases equals ffiffiffiffiffiffiffiffiffiffiffiffi ffi n s Á s 2 s p . The total capacity to operate all elective cases of surgical department s is thus n s Á s s þ a r s ð Þ ffiffiffiffiffiffiffiffiffiffiffiffi ffi n s Á s 2 s p , where α(r s ) is a function that gives a factor that yields a probability r s of working in overtime. The outcome of this function depends on the distribution of the total duration of n s cases. For simplicity we shall assume here that this is a normal distribution. In this case, suppose r s =50%, then it follows from a normal distribution that α(r s )=0. The 
. The utilisation rate for specialty s is then:
To investigate the sensitivity of the outcome of the formula we have varied the standard deviation of the case duration to evaluate the effect of different case mixes on utilisation rates. We also investigated the sensitivity of the utilisation with respect to various values of r, i.e., the predetermined accepted risk of overtime. Table 3 shows that, given an accepted risk of overtime of 31%, the utilisation varies between 75% (for Ear, Nose, and Throat surgery, including head and neck surgery) and 91% (for Ophthalmology).
Results
The association between the patient mix, represented by the variability of the case durations, and utilisation and the association between th e accepted risk of overtime and utilisation is shown for three surgical departments: General Surgery, Ear-Nose-Throat Surgery, and Ophthalmology. Figure 3 addresses the correlation between the variability in the duration of cases and utilisation. As may be expected, if there is no variability in the duration of the surgery, the utilisation is 100%. Utilisation decreases, however, as variability increases, since the required reserved capacity depends on the variability. Utilisation increases from 89 to 95% if the standard deviation is varied from the standard deviation of General Surgery (Erasmus MC) to half of this value. Figure 4 shows that the utilisation increases when the accepted risk of overtime grows.
Discussion
The relation between the utilisation of operating room time, patient mix, and the accepted risk of overtime was addressed. With relatively straightforward statistical techniques, the association between the required reserved capacity and the acceptable risk of overtime and the variability of the case mix are established. This results in a method to determine a realistic norm utilisation rate for a scarce hospital resource such as an operating room considering the complexity of the case mix and managerial choices such as working in overtime. Little research has been performed to the association between an operating room patient mix, willingness to accept risk of overtime, and operating room performance in terms of capacity utilisation. Some work on utilisation rates acknowledges the limitations of utilisation as a performance measure [18] . Strum et al. focus on cost efficiency of the OR and use a minimal cost analysis model to make the explicit trade-off between the costs for over and underutilisation [19] . Their approach serves to determine the best OR time allocation to specialties on a daily basis. As far as we know, a generic method that establishes the association between patient mix characteristics and managerial choices, such as working in overtime, lacks. The calculations presented in this paper do not capture the entire complex reality of health care. The assumptions and simplifications, however, do not violate the general idea of the approach. For instance, following the central limit theorem of statistics, we assumed a normal distribution for the total duration of the surgical cases. A more accurate distribution (e.g., a distribution based on the sum of lognormal distributions) can be used if sufficient historical data are available. The idea remains applicable but the complexity of the calculations increase.
Furthermore, we assumed an identical average and standard deviation for the duration of all the cases of a given surgical department. This assumption leads to a slight overestimation of the required reserve capacity and hence to a conservative norm utilisation. We did not account for cancelled cases. If a hospital has information about the average number of cancelled cases however, this can be incorporated in the formula for the norm utilisation. Finally, the amount of emergency cases may differ significantly over the days of the week. All of these aspects can be dealt with, without harming the general idea of the approach. There are several definitions of utilisation, which may yield different results, but rely on the same basic assumptions. Another definition to compute utilisation may yield slightly other rates, but the idea of the method proposed in the paper remains the same. Also, the reserve capacity that is computed with the proposed method can be allocated to one or more operating rooms. The computations and the resulting norm utilisation, however, remains the same regardless the way the reserve capacity is allocated.
The method proposed in this paper was developed to determine a utilisation rate for each surgical department individually. OR management can also choose to determine a single utilisation rate for the total department by not distinguishing between surgical departments. Omitting the s index in the proposed formula and using the case of all departments together can achieve this.
The operating room of the Erasmus MC was used as an example. The proposed method, however, can be used for many other scarce hospital resources to obtain realistic utilisation rates, such as the radiology department, wards or the intensive care. The utilisation rate computed in this paper can be perceived as the theoretical maximum benchmark utilisation rate. It can be realised only if one assumes that the operating room department is making use of optimal planning techniques, has adequate management, makes the best use of its personnel, and has adequate equipment available to it, which is in practice exceptionally. Contrarily, aiming at a utilisation rate higher than the calculated utilisation is practically impossible given a risk of working in overtime and the variability of the case mix.
In operating room benchmarking studies, utilisation rates are typically compared without considering patient mix characteristics and managerial choices. These widely used comparisons typically overlook the key factors that actually determine utilisation. We conclude, therefore, that the use of utilisation as an absolute measure is an unfair comparison of hospitals departments and probably leads to the wrong conclusions. The method developed for computing the maximum achievable norm utilisation should be the basis for a new approach to operating room and hospital benchmarking and internal performance measurements for hospital boards.
In the various health-care systems, hospital funding is based on the number of surgical cases actually performed. If norm utilisation is not incorporated in the price agreed upon, a hospital will probably lack the resources to finance the required reserve capacity required to deal with the variability of the case mix and managerial choices. To ensure cost-efficient health care given the complexity of different types of health care these factors should be used into negotiations between financers and providers of health care. This paper showed that reserving capacity results in a lower utilisation rate. Hospital boards under pressure to increase their utilisation may hence decide to achieve higher targets by refusing complex and emergency care that involves a high variance. From a societal perspective, such an eventuality is highly undesirable. To prevent this calculating behaviour, hospitals should be judged on their utilisation with respect to their own norm utilisation.
We proposed a method to determine a norm utilisation rate the operating room. This method accounts for the complexity of health care processes and the differences between hospitals. The method proposed can be used for managerial issues to evaluate and steer their own performance, but also externally to support contract negotiations and benchmarking of hospitals.
